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Introduction
China, the world's largest developing country and second largest economy as of 2010, is faced with increasing pollution caused from the fast urbanization and industrialization processes. The fast development of the economy is followed by a large quantity of consumed energy especially fossil fuels such as coal (Chen 2012) . This results in serious concerns to atmospheric, environmental, and public health Chan & Yao 2008) . Investigations on the current status of air pollution in China indicated that the species of pollutant components has changed greatly along with an increased total amount of pollutant emissions (Yi et al. 2007; Fang et al. 2009; Wang & Hao 2012; Zhang & Crooks 2012) . Particularly, PM 2.5 and O 3 , were the major pollutants contributing to the regional grey haze frequently appearing in ABSTRACT Ambient air pollution has become one of the key issues in China because it is highly associated with economic development, energy consumption, the atmospheric environment, and public health. Ambient air quality standards are guidelines of environmental management and fundamentals of air pollution emission control.
To adapt to the changing environmental situation, China's ambient air quality standard GB 3095 was established in 1982, amended in 1996, again in 2000, and most recently in 2012. This article presents a historical analysis on the evolution of China's ambient air quality standards focusing on the critical pollutants and their concentration thresholds, as well as a comparative analysis that illustrates the differences to important developed countries and international organizations. The results show that the ambient air quality standard in China features a progressive update in pollutant items, more stringent concentration thresholds, and more scientific planning.
Although there are differences in the economic, technological, and environmental development levels, China's latest ambient air quality standard GB 3095-2012 is found to be comparable with other important standards. However, the support of macro policies and technical measures are necessary to ensure the standard is implemented more effectively.
metropolitan areas. Also, NO x pollution has been escalated in the ambient air in the past decade (Tang 2004; Zhang et al. 2011 ). An effective and strong countermeasure that the Chinese government adopted was to establish a matching national ambient air quality standard. It is also regarded as a guideline of air quality assessment and fundamental to pollution reduction (Wang & Hao 2012; Saikawa & Urpelainen 2014) . To adapt to the updated situation of ambient air quality management, the Ministry of environmental Protection (MeP) of China released the newest amended ambient air quality standard (GB 3095-2012) in 2012 (MeP 2012a ) after successive releases of GB 3095-82 (ePO 1982 ) and GB 3095-1996 (SePA 1996 (Figure 1) . To understand the level of this standard, some studies have tried to compare the Chinese standard with other international standards (li & Shen 2003; Chen et al. 2008; Wang et al. 2010; Chen et al. 2011) . However, these investigations did not carefully analyse the deep-seated backgrounds and reasons for evolution of the standards. Moreover, they did not present insightful and comprehensive investigations on the orientation, development, challenges, differences, and applicability of China's ambient air quality standard.
The objective of this work is to investigate China's ambient air quality standard in terms of historical development and lateral comparison. We present the development and evolution process of the ambient air quality standard in China, and then compare China's newest standard with the currently-used standards of representatives from developed countries and international organizations including the United States (US), the european Union (eU), Japan (JP), and the World Health Organization (WHO) . These standards were analysed for similarities and differences, particularly focusing on the differences in critical pollutants and concentration thresholds. On this basis, the motives/challenges and the setting of guideline values were explored. Furthermore, the implementation of new ambient air quality standards and improvement of air quality management systems in China were prospected. 
Development of the standard

Background
The first United Nations Conference on the Human environment (UNCHe) held in 1972 marks the beginning of China's modern environmental protection efforts. Since then, China has strengthened the construction of environmental legislation, regulations, and standards (Siddiqi & Chong-Xian 1984; Beyer 2006; Zhang & Zhao 2007) . In 1982, the ambient air quality standard (called GB 3095-82 or hereinafter referred to as GB 3095-1982) was initially issued. This standard was successively amended in 1996 (called GB 3095-1996 , GB 3095-1996 amendment and GB 3095-2012 according to the improvement of technologies and the change of environmental situations. After over 30 years development and improvement, China has now established a multi-dimensional environmental standard system which consists of two classes and five types of standards. The two classes refer to national and local standards, and the five types include quality standards, emission standards, monitoring standards, management standards, and basic standards (MOST & MeP 2012) . They are considered to be adaptive to the atmospheric pollution situation, control objectives and technological level and also to be matched with the development of China's economy, energy, and environmental legislation.
In 1982 the environment Protection Office of the State Council regulated only six pollutant items including one reference item, floating dust (ePO 1982) . After 14 years of rapid development, total energy consumption has been increasing and the thresholds for pollutant emissions in the standard GB 3095-1982 became too relaxed to limit the pollutant emissions. At the same time, the development of technologies for pollutant reduction makes it possible to further lower the threshold for pollutant emissions. For this reason, the State environmental Protection Administration (SePA) released the updated ambient air quality standard GB 3095-1996 3095- (SePA 1996 . As a further improvement, the amendment of GB 3095-1996 was released by SePA in 2000 (SePA 2000) . More recently, PM 2.5 , as a high-profile pollutant, has been added into the new standard (GB 3095-2012) to address the effect of haze on air quality (MeP 2012b ). An important note is that the newest ambient air quality standard includes fifteen pollutants with six primary items, four additional items, and recommended items. Overall, the trend of development of ambient air quality standards is towards more specific and concrete standards.
Evolution of key pollutants and their thresholds
Particulate matter
The development and evolution of China's ambient air quality standard with pollutant items and concentration thresholds at different periods is shown Table 1. In the standard GB 3095-1982 3095- (ePO 1982 , the total suspended particulates (TSP) was evaluated based on real-time, transient, or daily average concentration bases. In the standard GB 3095-1996 (SePA 1996) , the real-time concentration was rejected due to increased uncertainty, instead using the daily and annual average concentrations. TSP was not used as a primary pollutant item but as one of the so-called "other pollutant" items in the standard GB 3095-2012 (MeP 2012a) . Moreover, the standard for TSP was decreased from 150 to 120 μg/m 3 for Grade-I, but it was not changed for Grade-II. In addition, the standard GB 3095-2012 did not use the concept of Grade-III any longer. The standards in 1996 and 2012 also cancelled the real-time concentration measures for PM 10 (as called floating dust in GB 3095-82). The 24 h average concentrations of PM 10 in all three standards are the same. However, an interesting phenomenon is that the yearly average for PM 10 in the standard GB 3095-1996 is more relaxed compared with those in the standard GB 3095-1982. Specifically, the threshold concentration of PM 10 changed from 20 to 40 μg/m 3 for Grade-I, from 60 to 100 μg/m 3 for Grade-II, and from 100 to150 μg/m 3 for Grade-III, respectively. This is not consistent with the general trend that the new standard usually becomes more stringent when it replaces the old one, since the PM emissions in China have trended from coarse particles to fine particles with increased PM 10 emissions seen during 1982-1996. Additionally, the loosening of the PM 10 concentration threshold in the standard GB 3095-1996 is also related to the monitoring and assay methods. PM 10 has the same annual concentration values (40 μg/m 3 ) for Grade-I in the standards GB 3095-2012 and GB 3095-1996 , while it has the yearly average value of 70 μg/m 3 for Grade-II in the standard GB 3095-2012. This value is more severe than those in the standard GB 3095-1996 (100 μg/ m 3 ) but slightly more mild than those in the standard GB 3095-1982 (60 μg/m 3 ).
Gaseous pollutants
The real-time concentration of gaseous pollutants such as sulphur dioxide (SO 2 ), nitrogen oxide (NO x ), and carbon monoxide (CO) were removed in the standard GB 3095-1982 while their 1-h average were included in the standards GB 3095-1996 and GB 3095-2012. Additionally, 8-h average values for gaseous pollutant ozone (O 3 ) was added in the latest standard GB 3095-2012. NO x was first introduced in the standard GB 3095-1982 as a member of total nitrogen pollutants. However, NO x contains the nitrogen oxides with different valences and the most important species are NO and NO 2 . These two compounds usually have different environmental toxicological and health effects. It has been demonstrated that the toxicity of NO 2 is five times that of NO and the concentration in the atmosphere is twice that of NO (AAQSrG 1995) . In view of the strong and special toxicity, NO 2 was used as a separate item in the standard GB 3095-1996 but NO x was still retained. That actually means that NO 2 and NO x coexist in the standard GB 3095-1996. This situation lasted to year 2000 when NO x was removed from the amendment of standard GB 3095-1996 in the year 2000. Although the threshold of NO 2 was determined according to the proportion of NO 2 in NO x (AAQSDG2010), NO 2 still cannot accurately and completely reflect the total NO x pollution in the regions of China where NO concentrations are relatively high. Therefore, the role of NO x items cannot be neglected. In the newest standard GB 3095-2012 NO x was reused as an additional item.
The real-time concentration and Grade-III concentration of CO were not used any longer in standards GB 3095-1996 and GB 3095-2012 but the Grade-I and Grade-II CO concentration thresholds were used with the same value in all of these standards.
O 3 accounts for 90% of photochemical oxidants, and the advanced methods developed over the past two decades are able to be successfully used for accurate analysis of O 3 (AAQSrG 1995) . For this reason, O 3 was used to replace the photochemical oxidant designation O x . O 3 concentration threshold was actually loosened from the standard GB 3095-1996 amendment, but its maximum 8-h average concentration was included in the standard GB 3095-2012.
Some regional pollutants such as heavy metals were not included in the primary items. The concentration of lead (Pb) in the air increased with increasing use of motor vehicles. The standard for Pb was first introduced in the standard GB 3095-1996. In the standard GB 3095-2012 the quarterly average of Pb decreased from 1.5 to 1.0 μg/m 3 and the yearly average decreased from 1.0 to 0.5 μg/m 3 . Additionally, Benzo(a)pyrene (B[a]P) was also one of the most carcinogenic compounds. In order to reduce the incidence of lung cancer, the 24-h average concentration of B[a]P was decreased from 0.01 to 0.0025 μg/m 3 while the yearly average was added in the new standard. Besides the mandatory standards for normal pollutants, there are reference standards for Cadmium (Cd), Mercury (Hg), Arsenic (As), chromium vI (Cr(vI)), and F. The reference thresholds of Pb, B[a]P, and F were formulated according to the health risk assessment results and occupational health thresholds based on the WHO guidelines.
Comparison with other national and organizational standards
Although there are great differences between nations in ambient air quality, levels of pollution, and levels of economic; technological; and policy development, it is necessary to compare China's AQQS with those of other developed nations and important organizations. Specifically, we compared the US National Ambient Air Quality Standard (NAAQS) (US ePA 2010; Suh et al. 2000 ), eU's Air Quality Framework Directive (AQFD) (eC, 2008; eeA 2012 ), Japan's environmental Quality Standards (eQSs) (Kawamoto et al. 2011) , and the WHO's air quality guidelines (AQGs). The purpose of the comparison is to offer a positive reference for further amendments and extensions in the future.
According to the current standards, the US's NAAQS includes primary and secondary standards. However, only SO 2 and PM 2.5 have separate secondary standards (US ePA 2010). The eU's AQFD limit values and target values are formulated for their member countries. limited values are mandatory standards while target values are performed within the deadline (eC 2008) . Hence, we just select the primary pollutants in the US's NAAQS, eU's AQFD, Japan's eQSs and WHO's AQGs for comparison, as shown in Table 2 . Note that the units in all standards were transformed into the unit μg/m 3 to ensure uniformity. Also note the SPM in the Japan's eQSsSPM is about PM 7 according to the definition of PM 10 or PM 2.5 (Kawamoto et al. 2011) . 
Discussion
Motives and challenges
Atmospheric environment situation
Currently, the coal-dominated energy structure is unlikely to be fundamentally changed in the near future with a contribution of 65-70% to primary energy production in China. According to the National Statistics Annual report for environment (MeP 2000 (MeP -2012 , coal consumption in China increased from 1.42 billion tons in 2001 to 3.56 billion tons in 2010. As a result, air pollution caused by massive combustion, especially smoke pollutant emissions, became a serious problem, as illustrated in Figure 2 (MeP 1989 (MeP -2012 MeP 1995 MeP -2012 . In particular, the characteristics of ambient air pollution in China are changing and presented new developments in the last 10 years: soot emissions were effectively reduced, SO 2 emissions stabilized, and NO x emissions increased significantly. The changes can be partly attributed to differences in requirements of the standards. efforts has to be paid to modifying the standards to enhance adaptability to the changing environmental status. In addition, the amount of automobiles increased sharply in the last decade. Statistical data showed that there were up to 250 million motor vehicles in China by the end of October 2013 among which 53.9% (135 million vehicles) were automobiles. Private cars have increased about 13 times over the past 10 years totaling more than 85 million (MPSTMB 2013) . As a result, particulate matter and NO x pollutants emitted from motor vehicles has significantly contributed to the total pollutant emissions. According to the China environmental Quality Bulletin (MeP 1989 (MeP -2012 , vehicles emitted up to 6.375 and 6.4 million tons of NO 2 in 2011 and 2012, respectively, representing about 25% of the total NO 2 emissions in China. This indicates that mobile sources have become the most important NO 2 emission source after industrial sources. Increasing pollutant emissions from mobile sources makes it necessary to change the items in the ambient air quality standards from coal-smoke-based to a model with more integrated considerations. Figure 3 presents the distribution of the major air pollutants (PM, SO 2 and NO x ) during 1989-2012 in China reported by China environmental Quality Bulletin and Chinese research Academy of environmental Science (CrAeS 2010 ) based on continuous on-site monitoring. The annual average concentrations of these pollutants gradually decreased during 1989-2012 when the ambient air quality standards became more rigorous after two amendments. This demonstrates that the appropriate environmental quality standards are effective in improving ambient air quality. Therefore, it is necessary to establish an institutional rule which would require an update of the ambient air quality standard in order to keep abreast to new developments relating to pollutant emission control. Moreover, in the past five years, China's combined pollution in some cities presented an increasing trend. regional acid rain, haze and photochemical smog pollution occurred frequently. It has become very important and urgent to amend the environmental quality standards in particular for pollutant items to reduce the combined air pollution, because the legacy standards are not able to be used to completely characterize the physicochemical composition and properties of combined pollution.
Overall, the formulation and amendment of ambient air quality standards depend on changes of the environmental situation. The concentration of criteria pollutants in the ambient air quality standard is required to match the development of environmental situation, e.g. SO 2 were the same in all standards GB 3095-2012 , GB 3095-1996 and GB 3095-1982 while NO 2 was added and NO x and loosen flexibly in the standard GB 3095-2012. Additionally, some pollutant items became refined. For instance, the evolution of dust emissions from TSP to PM 10 and then to PM 2.5 reflects this change.
Public health protection
One of the important targets of the amendment to the ambient air quality standard is to protect public health. large numbers of epidemiological investigations have presented evidence on health damage caused by ambient air pollutants to demonstrate the correlation between air pollution and mortality/morbidity (Dockery et al. 1993; Pope et al. 1995; Brunekreef & Holgate 2002 ). China's AAQ is no exception to this target as it is highly related to Chinese public health.
Ambient air pollutants (particularly PM, SO 2 , NO x , and O 3 ) and their effects on public health in China has been recognized since the 1990s, focusing mainly on pathogenicity. This has included investigations of their effects on mortality, the respiratory system, the cardiovascular system, the immunologic system, and the nervous system. For instance, a report of the global burden of disease between 1991 and 2010 showed that PM 2.5 was the fourth highest health risk factor in China with around 20% of lung cancer cases considered to be related to PM 2.5 pollution (lim et al. 2012; Kan & Wu 2013) . Additionally, a Chinese 16-city combined analysis showed significant associations of PM 10 with mortality. Specifically, a 10 μg/ m 3 increase in 2-day moving-average PM 10 was associated with a 0.35% increase in total mortality, a 0.44% increase of cardiovascular mortality, and a 0.56% increase of respiratory mortality ). Furthermore, there was a great health-based economic burden caused by ambient air pollution. In 2004 the economic burden of disease associated with PM 10 pollution was approximately 233.4 billion CNY. In particular, the large cities in China such as Beijing, Shanghai and Guangzhou had relatively high economic losses Zhang et al. 2008) . The World Bank's assessment on the economic loss caused by air pollution in China showed that the health damage associated with ambient air pollution accounted for 3.8% of GDP, of which 75% is due to premature death (World Bank 2007) . Therefore, the reduction of pollutant emissions and control of the total amount of pollutants in China using more stringent air quality standards is one effective option. As expected, it would be able to decrease both direct mortality/morbidity and indirect economic burden for China.
Challenges of adopting the new standard
Inevitably, the formation and implementation of the new standard received many challenges on different aspects. From the perspective of the conflicts between economic development and energy Conservation & emission reduction (eCer), it is required for the governments to strengthen and improve macro-control efforts. These efforts include development of strategic emerging industries, promotion of industrial restructure, strengthening of the supervision and management of eCer, and prevention to overcapacity. This will be a long-term, tortuous and arduous task in China. On the other hand, the increases of the concentration levels and thresholds for ambient air pollutants in the new standard forces the currently-used industrial technology to be eliminated, implying that the previously-qualified emission sources maybe unqualified. In addition, the number of cities involved in the assessment is now increasing. More and more cities met the requirement of Grade-II in the old standard (GB 3095-1996) due to continuous efforts in technological improvement and pollution control. For example, the compliance rate was only 33.1% in 1999 but increased to 91.4% in 2012 ( Figure  4 ). However, if evaluated according to GB 3095-2012, the percentage of compliance cities in 2012 would be just 40.9%. Therefore, it requires the companies involved to balance the economic and social benefits, to increase economic costs and technological transformations, and to implement the eCer obligations.
The ambient air quality standard is bound to play an important role in prevention of air quality deterioration and in the improvement of air quality management in China (You 2014; Chen et al. 2016; Sheng & Tang 2015; You 2015) . However, under the conditions of incomplete legislation and enforcement, the implementation of the new standard may be faced with conflicts. Moreover, to ensure adoption of the newest standard, it not only requires to take more aggressive measures for improvement of air quality (liu et al. 2013; Zhong et al. 2013) , but also requires the public to establish the concepts of environmental protection and green consumption. This objective is at least difficult to achieve and will take a long time.
From the perspective of environmental management, the new standard transitions the management mode from overall-volume to fine, from local to regional, and from individual pollutant to multi-pollutant integrated controls (Hu et al. 2015) . It is not only required to prevent and control stationary emission sources (e.g. in industry, agriculture, and commerce) and the mobile emission sources (e.g. in transportation), but is also required to change the public's lifestyles and consumption patterns. It will also face challenges from both industry and the public.
Setting of guideline values
In the last decade, a distinguishing feature of particle emissions from stationary and mobile sources in China was fine and ultrafine due to improvements of both industrial technologies (e.g. power, material, chemical and metallurgical industries) and fugitive dust management. These technologies make it possible to reduce emissions of large particles. Hence, it is necessary and feasible to decrease and even abolish the TSP concentration threshold. Meanwhile, PM 10 from industrial sources and motor vehicle exhaust has been regarded as the most important particulate pollutant. Considering the economic and technological level, concentration thresholds for Grade I and II for PM 10 has not been revised. Most significantly, the latest standard introduced a requirement of control for the pollutant item PM 2.5 and reduction of PM 2.5 has become an urgent problem in the past five years. The Grade-II threshold of PM 2.5 in the standard GB 3095-2012 was recommended according to the WHO standard, which was comprehensively considered to match the present requirements of economic development and air quality management. However, it should be noted that a complete standard system for PM 2.5 , especially relating to its physicochemical characteristics, theoretical modelling, and health effect , still needs to be further developed.
The standards for SO 2 have not changed except that the yearly average in the standard GB 3095-1982 was replaced with 1-h averages in standards GB 3095-1996 and GB 3095-2012 . Also, the Grade-III is no longer used in the standard GB 3095-2012. Actually, the determination of SO 2 standards are associated with its effect on environmental health. SO 2 concentrations lower than the Grade-I standard have almost no harmful effects on human and animal health while those higher than the Grade-II standard were found to increase the risk of asthma attacks (Yang 1986 ). According to a pollution survey and experimental study in some regions of China, children's respiratory disease risk significantly increased after longterm exposure to SO 2 concentrations between 100 and 250 μg/m 3 (Tang 1984) . Besides the significantly increasing hospitalization rate caused by upper respiratory tract infections (levetin &van de Water 2001; Hajat et al. 2002; Heinrich et al. 2002; Frye et al. 2003) , SO 2 concentration has a positive correlation to daily mortality from cardiovascular disease in China (venners et al. 2003) .
The determination of standards for NO x is a complicated and repetitious process but it improves the objectivity, pertinence, and validity of the assessment of NO x pollution. Moreover, the standard GB 3095-2012 for NO 2 (1-h average) appears to be looser than in standard GB 3095-1996 but the 24 h and yearly averages for NO 2 have not changed. Additionally, standard GB 3095-2012 has a more severe 24 h average for NO x than the standard GB 3095-1982. Usually, the determination of CO threshold values depends on Carboxyhemoglobin (COHb), which is usually selected as the sensitivity index to evaluate the impacts of CO on human health. The normal endogenous COHb in the human body is 0.1-1%. Concentrations of CO in air under 4 000 μg/m 3 are considered to be physiologically safe to human blood (Tang 1984) .
Ozone precursor emissions have recently been increasing in China. Investigations in exposure indicated that concentrations of ozone from 200 μg/m 3 to 500 μg/m 3 produce harmful effects (Yang 1986 ). Therefore, the standard for O 3 was tightened to comply with a long-term perspective (AAQSDG 2010) . For instance, the Grade-II standard for O 3 was set at the same value (160 μg/m 3 ) as the WHO's standard.
Difference analysis of the newest standard
Compared with US's NAAQS, China's AAQS has tight Grade-I but loose Grade-II standards for SO 2 (1-h average value). The standards for CO (1-h value) of both China's AAQS Grade-I and II are more severe than the US's NAAQS. The standard for PM 10 (24-h average) of Grade-II is the same as those of the US's NAAQS, suggesting the corresponding Grade-I standard is tighter than the latter. There are the same standards for PM 2.5 (both 24-h and yearly average) between the US's NAAQS and China's AAQS Grade-I but the US's NAAQS for PM 2.5 (1-h average) . It has the same standard for CO (8-h average) with those of China's AAQS for both Grade-I and II. Also, the standard for PM 10 (24-h average) of the eU's AQFD is the same as those of China's AAQS Grade-I, suggesting it is more severe than those of China's AAQS Grade-II. The 24-h average standard for PM 2.5 is relatively tight while the yearly-average standard is relatively loose compared with China's AAQS Grade-I but still slightly more severe than China's AAQS Grade-II. The standards for NO 2 (yearly average) are the same but the eU standard for O 3 (8-h average) is between that of China's AAQS Grade-I and II.
Also, from the comparison between Japan's eQSs and China's AAQS, it can be observed that the Japanese standards for SO 2 (both 1-h and 24-h averages) are also moderate as similar to the eU's AQFD standard, but is much higher for the CO (24-h average). The Japanese standard for SPM (24-h average) is between the standards of China's AAQS Grade-I and II but has the same standards for both 24-h and yearly average PM 2.5 values. Particularly, the standard for NO 2 (24-h average) is not a constant threshold but a concentration range which is generally loose. The standard O x (as O 3 ) has a more severe standard with 1-h average but unfortunately does not have an 8-h average standard.
The newest China's AAQS (GB 3095-2012) actually builds on the WHO's AQG Interim Targets. WHO estimated that some 80% of air pollution-related premature deaths were due to ischaemic heart disease and strokes, 14% of deaths were due to chronic obstructive pulmonary disease or acute lower respiratory infections, and 6% of deaths were due to lung cancer (WHO 2014) . Therefore, the 2005 WHO's AQG offered global guidance on thresholds and limits for key air pollutants that pose health risks. The WHO's AQG gave the most severe requirement of the standard for SO 2 (24-h average). Moreover, it specifically provided the standard for 10 min average-based SO 2 since studies indicated that a proportion of people with asthma experience changes in pulmonary function and respiratory symptoms after 10 min of exposure to SO 2 (WHO 2006) . Because of this, the WHO suggests that a SO 2 concentration of 500 μg/m 3 should not be exceeded over average periods of 10 min duration. The standard for CO (1-h average) was not given but the standards for PM 10 and PM 2.5 required by WHO's AQG are more severe than those required by China's AAQS as there is a close and quantitative relationship between exposure to high concentrations of small particulates (PM 10 and PM 2.5 ) and increased mortality or morbidity, both daily and over time. The WHO's AQG estimated that by reducing PM 10 pollution from 70 to 20 μg/m 3 , air pollution-related deaths could be reduced by around 15% (WHO 2014) . Also, there are the same standards for NO 2 (1-h and yearly average) and O 3 (8 h average) between WHO's AQG and China's AAQS. This is based on the fact that the WHO has reported that daily mortality and heart disease rises by 0.3% and 0.4%, respectively, per 10 μg/m 3 increase in O 3 exposure. Also, symptoms of bronchitis in asthmatic children increases in association with long-term exposure to NO 2 (WHO 2014 ).
Overall, all quality standards for air pollutants vary between nations or organizations. In particular, the WHO's AQG, being famous for public health assessment, is the most severe among all standards. China's new AAQS shows comparability to the WHO's standard to a considerable extent although there are some differences in the concentration thresholds.
It is should be noted that human, animals, and materials are usually exposed in the atmosphere with mixed pollutants rather than isolated pollutants. like Japan's eQSs (Kawamoto et al. 2011 ), China's current standard has no formulated multi-pollutant standard because of the lack of scientific research data about health effects of multi-pollutants on human health. However, many studies on this issue have been done in recent years. In 2008, The US environmental Protection Agency (US ePA) published a technical report to facilitate a common understanding of multi-pollutant concepts (US ePA, 2008) . Some specialists have carried out beneficial exploration and research on these issues such as how to set ambient air quality standards for multi-pollutants, models of evaluating cumulative health impacts of pollutants, and implementation strategies for air quality management with multi-pollutants (USePA 2008; Dominici et al. 2010; Hidy & Pennell 2010; Cao et al., 2013; Plaia et al., 2013) .
Improvement of the newest standard in assay and assessment
In addition to the amendments of pollutant item and threshold concentration, GB 3019-2012 also introduced new and automated assay methods, improved the data validity requirements and used more advanced and accurate AQI to assess the air quality. From this point of view, it can be inferred that new approaches and techniques will be incorporated in future Chinese ambient air quality standards. With the development of modern physical chemistry and technological commercialization will allow the update of assay standards to be faster and more convenient. Theoretical modelling diversification and objective, multi-dimensional approaches will be important development directions of the ambient air quality assessment methods in the long term. For instance, methods using improved indexes or new mathematical algorithms may be included in the standards as they can provide more comprehensive and reasonable predictions and impact assessments of health risk (Zhang et al. 2009; Sowlat et al. 2011; Zhen & Yin 1984; Wong et al. 2012; Chen et al. 2013) . Additionally, China is going to gradually improve quality assurance and quality control as planned in the "12th FiveYear Plan" for environmental Protection Standards (MeP 2013) to improve the data validity requirements in the future standards.
Conclusions and prospects
China's ambient air quality standard GB 3095 was established in 1982 and amended three times (in 1996, 2000, and 2012 ) over the past 30 years. Most importantly, owing to changes in air pollution characteristics and new air quality requirements, the newest standard GB 3095-2012 added PM 2.5 items, tightened the concentration thresholds of PM 10 and NO 2 , and cancelled the Grade-III standards for air pollutants.
Based on development and comparison, the standard GB 3095-2012 was found to be comparable with those of some developed countries or organizations in pollutant items and concentration thresholds although some important pollutants (e.g. dioxin, volatile organic compound (vOCs)) and compliance deadlines have not yet been exactly introduced and determined. Additionally, the standard does not have a deadline for areas with serious pollution, which reflects the lack of effective management framework.
To ensure the implementation of the latest standard (GB 3095-2012) more effectively, further support of macro policy and technical measures are needed, e.g. The macro policies, "Air Pollution Prevention and Control Action Plan-China Clean Air Updates" (2013), marked that the China's air prevention was gradually transforming from total amount control of air pollution into improvement of environmental quality. Correspondingly, specific technical measures were also taken including comprehensive improvements of air pollution sources, process control, and terminal reduction. These measures include using high-efficiency and ultra-low combustion approaches to improve the coal-fired boiler system, using pollution prevention and control systems to control motor vehicle emissions, and using advanced air pollution monitoring methods and technologies to improve the reliability for air quality assessment. However, the implementation of the new ambient air quality standards is a great, complex, and systemic project which will inevitably be faced with the contradictions of economic development, energy consumption, and public health.
Disclosure statement
No potential conflict of interest was reported by the authors. 
